リョウシ フィードバック セイギョ ノ タメ ノ スイテイロン ト ソノ オウヨウ リョウシロン ニオケル トウケイテキ スイソク ノ リロン ト オウヨウ by 山本, 直樹
Title量子フィードバック制御のための推定論とその応用 (量子論における統計的推測の理論と応用)
Author(s)山本, 直樹

















( ) ( ), (ii) $(y(t))$
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$(\dot{x}_{t}=dx_{t}/dt)$ . $x_{t}$ $u_{t}$
$A,$ $B,$ $C$ $A$
$($ $u_{t}=0)$ :
















$\dot{x}_{t}=f(x_{t}, u_{t})+g(x_{t})\xi_{t}, y_{t}=h(x_{t})+\zeta_{t}$ (2)




$dx_{t}=f(x_{t}, u_{t})dt+g(x_{t})dw_{t}, dy_{t}=h(x_{t})dt+dv_{t}$ (3)
((2)
(3) ).
$v_{t}$ $dw_{t},$ $dv_{t}$ $[t, t+dt)$





$\mathcal{Y}_{t}=\{y_{s}|0\leq s\leq t\}$ $x_{t}$
$z_{t}^{*}= \arg\min_{z_{t}\in \mathcal{Y}_{t}}E[(x_{t}-z_{t})^{2}]$
$\pi_{t}(x)=E(x_{t}|\mathcal{Y}_{t})$ : $\pi_{t}(x)=z_{t}^{*}$ . $\pi_{t}(x)$
















(Linear Quadratic Gaussian control) :
$J[u]= \frac{1}{2}E[\int_{0}^{T}(x_{t}^{T}Mx_{t}+u_{t}^{T}Ru_{t})dt+x_{T}^{T}Nx_{T}]$ . (7)





















$\mathbb{P}$( $k|$ even) $=\{\begin{array}{l}0p_{2}/(p_{2}+p_{4}+p_{6})0p_{4}/(p_{2}+p_{4}+p_{6})0p_{6}/(p_{2}+p_{4}+p_{6})\end{array}$ $\mathbb{P}$ ( $k|$ odd) $=\{\begin{array}{l}p_{1}/(p_{1}+p_{3}+p_{5})0p_{3}/(p_{1}+p_{3}+p_{5})0p_{5}/(p_{1}+p_{3}+p_{5})0\end{array}$ (8)
















































( ) $xdt$ $|x\rangle$ :
$(d\hat{B}_{t}+d\hat{B}_{t}^{\dagger})|x\rangle=xdt|x\rangle$ (12)
$dt$ $[t, t+dt)$ $xdt$
$dy_{t}=xdt$ (13)





$=[ \hat{I}-i\hat{H}dt-\frac{1}{2}\hat{c}^{\dagger}\hat{c}dt+\hat{c}dy_{t}]|\phi_{t}\rangle\langle x|O\rangle$ . (14)









$d\hat{P}_{t}$ $\langle x|\psi\rangle$ :
$\langle x|d\hat{P}_{t}|\psi\rangle=-i\frac{d}{dx}\langle x|\psi\rangle$ (17)
$\langle x|d\hat{Q}_{t}|\psi\rangle=xdt\langle x|\psi\rangle$ (12) $\langle 0|$









































































[1] H. Mabuchi and N. Khaneja, Principles and applications of control in quantum
systems, Int. J. Robust and Nonlinear Control, 15, 647/667 (2005)
[2] L. Bouten, R. van Handel, and M. R. James, $A$ discrete invitation to quantum
filtering and feedback control, SIAM Review, 51, 239/316 (2009)
[3] H. M. Wiseman and G. J. Milburn, Quantum Measurement and Control, Cam-
bridge Univ. Press (2009)
[4] 585, 21/27 (2012)
[5]
[6] L. Bouten, R. van Handel, and M. R. James, An introduction to quantum filter-
ing, SIAM J. Control Optim., 46, 2199/2241 (2007)
[7] V. P. Belavkin, Quantum filtering of Markov signals with white quantum noise,
Radiotechnika $i$ Electronika, 25, 1445/1453 (1980)
[8] L. Thomsen, S. Mancini, and H. M. Wiseman, Continuous quantum nondemo-
lition feedback and unconditional atomic $sPin$ squeezing, J. Phys. $B,$ $35$ , 4937
(2002)
[9] J. K. Stockton, R. van Handel, and H. Mabuchi, Deterministic Dicke state prepa-
107
ration with continuous measurement and control, Phys. Rev. $A,$ $70$ , 022106 (2004)
[10] $R$ . van Handel, J. K. Stockton, and H. Mabuchi, Feedback contorol of quantum
state reduction, IEEE Trans. Automat. Contr., 50, 768/780 (2005)
[11] N. Yamamoto, K. Tsumura, and S. Hara, Feedback control of quantum entan-
glement in a two-spin system, Automatica, 43-6, 981/992 (2007)
[12] M. Mirrahimi and $R$ . van Handel, Stabilizing feedback controls for quantum
systems, SIAM J. Control Optim., 46, 445/467 (2007)
[13] J. K. Stockton, Continuous Quantum Measurement of Cold Alkali-Atom Spins,
Ph.D Thesis, California Institute of Technology (2006)
108
